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ABSTRACT 
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of calculators in elementary education, and the need for elementery 
school teachers to be calculator and ccMputer litera^te* Part 3 
containD a variety of computer-related activities that can be -used in 
an elementary school or in a teacher treining setting* The need for 
access to computer equipment and the decree of teacher knowledge vary 
according to the activity* The booklet includes an appendix with 
references, a glossary, and an 11-entry guide to periodical 
literature dealing with pre*college instructional uses of computers* 
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PREFACE 



Most elementary school teachers are people^oriented. They are 
vitally concerned with children, in helping children develop their 
potential and to learn. It is not surprising^ then, that many elementary 
school teachers view computers and calculators with suspicion. Will 
computers help students to learn more, better, faster? Will use of cal* 
culators lead to a better understanding of mathematics and increased 
problem*solving skills? Will machines dehumanize education and 
replace teachers? 

The answers to these questions are both yes and no. Much de* 
pends on the teacher, the student, the equipment and the instruc- 
tional materials. The knowledge, attitude and skills of the teacher are 
apt to be the dominant factors. 

Over the past ten years the price of both calculators and com- 
puters has declined rapidly, so that now good quality calculators cost 
under $10, and corriputers are beginning to appear in many homes. 
Calculator and computer usage is commonplace in many elementary 
schools and high schools. It is no longer appropriate for elementary 
school teachers and elementary schools to ignore their potential uses 
in instruction. 

Perhaps the most difficult questions have to do with what children 
should learn to do mentally, what they should learn to do using 
books, pencil and papers and what they should learn 4o do using 
other aids such as calculators and computers. The capabilities of 
these electronic machines continue to grow rapidly and their pnce is 
now quite affordable. The whole content of the elementary school 
curriculum needs to be rethought, andtsubstantial revision may be 
necessary. 

This booklet is written for preservice and inservice elementary 
school teachers who have had no formal training in the computer 
field. It is designed to help such people gain an initial level of torn* 
puter literacy and to lay a foundation for additional learning. 
Teachers with some computer experience may find the booklet pro- 
vides a useful overview and some food for thought. 

This booklet is organized as a sequence of questions and answers; 
each question is followed by a brief answer and by a longer-r more 
detailed answer. The latter part of the booklet contains sample acti- 
vities that can be used in an elementary school classroom or in a 
teacher training situation. 



25 



Included in the booklet are three appendices: References, a Cfos* 
sary of frequently used terms in ti>e computer education field and a 
Brief Guide to Periodical Literature, which lists periocJfcals of par- ^ 
ticular interest to educators. 

This booklet is written for preservice and inservice elementary 
school teachers. It is assumed that you have used a calculator; it is 
desirable that you also have had some hands-on experience with a 
computer. A half hour's interaction with a computer will add sub* 
stantial meaning to what follows. Likely you can get this experience 
by visiting a local computer store or a local high school. The majority 
of high schools now make instructional use of computers. 

Many elementary scnools have access to computers for Instruc* 
tional purposes* In the next few pages we describe a hypothetical 
interaaion between a fourth srade student and a computer The 
computer might be a self-contained microcomputer, costing $1,500 
or less. Or the student may be interacting with a very large computer 
via telephone line to a terminal in the classroom. 

As you walk into the fourth grade classroom you see a student just 
sitting do^n in front of a TV set with a typewriter keyboard. You took 
over the student's shoulder at the TV display screen. 



MENU OF DRILL AND PRACTICE PROGRAMS 

1- ARITHMETIC 
2. GEOGRAPHY 
3* HISTORY 

4. REAOING 

5. SPELLING 

6. VOCABULARY 

PLEASE TYPE A NUMBER BETWEEN 1 AN06, 



The student is obviously familiar with the computer equipment* 
Almost before you finish reading the directions siho types the 
number 1. The printing on the TV screen disappears^ but then is im* 
mediately replaced by more printing. 
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You watch as the student rather laboriously types )n TERRY JOHN- 
SON and pushes the ENTER key. After a couple of seconds the com- 
puter responds. 



I HAVE CHECKbD MY RECORDS, TERRY, 
AND THEY SHOW THAT YOU NEED TO 
WORK ON YOUR 'TIMES' FACTS. IF THAT 
IS ALL RIGHT WITH YOU. TYPE THE LEHER 
Y FOR YES. 

OTHERWISE TYPE THE LEHER N FOR NO. 



Terry, being an obedient and rather docile student, types the letter Y. 

^^^^^^M ^^^^^^ 



VERY WELL TERRY, I WILL GIVE YOU A ONE 
MINUTE SPEED DRILL AFTER YOU TYPE AN 
ANSWER YOU MUST PUSH THE 'ENTEP' 
KEY. 

WHEN YOU ARE READY TO BEGIN PUSH 
THE 'ENTER' KEY. 



ERIC 



Vou see Terry lake several deep breaths, poise one hand over the 
digit keys on the keyboard, and push the ENTER ktY. The TV screen 
clears and a multiplication problem ts displayed. Numbers in the up^ 
per left corner of the scret * begin to count off seconds and display a 
scoreboard of Terry's results. 




You watch as Terry completes 37 problems in one minute Each 
wrong answer results in a "bleep" from the computer, along with a 
display of the problem correctly solved. You also notice that the 
same problem appears again a few seconds later. At the end of one 
nninute the computer displays the results. 



VERY GOOD TERRY* YOUR SPEED AND 
ACCURACY ARE BOTH BETTER THAN 
YESTERDAY. YOU DID 37 PROBLEMS WITH 
ONLY 3 ERRORS. 

WOULD YOU LIKE TO TRY ANOTHER 
MINUTE OF MULTIPUCATION DRILL? 
TYPE THE Y KEY FOR YES OR THE N KEY FOR 
NO. 



Terry types the N key and the original menu appears. 
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As you continue to observe, Terry types a 2 and enters Into a geo* 
graphy l^esson. The computer draws a map of the western United 
Statesand then asks, "WHATISTHENAMEOFTHELARGESTSTATE 
SHOWN ON THIS MAP?" When Terry responds CALEFORNYA the 
computer responds, "YOUR ANSWER IS CORRECT BUT YOUR 
SPELLING rS TERRIBLE, r SUGGEST YOU SWITCH OVER TO A 
SPELLING LESSON/' 

Does this seem like science fiction to you? It isn't. It is rather 
routine use of computers as an aid to learning. A few schools have 
had computer facilities such as this for many years. Now that micro- 
computers are more easily affordable^ the use of computers as an aid 
to instruction in the elementary school is growing rapidly. Computers 
are now an important part of the daily e^ducation of mi^ny children. 
Indeed, a 1960 survey by Al Bork and Jack Chambers im^xated that 
over 90% of school districts in the United States now make some use 
of computers, (stimales and surveys done during 19B2 suggest that 
over 100^000 microcomputers are now being used in education in 
the United States. 

Terry was interacting with the computer in a computer assisted 
learning n ode. Computer assisted learning can help students to learn 
more, better and faster. But computers are having other impacts 
upon the elementary school. 

This booklet addresses questions such as, ''How should the con* 
tent of the elementary school curriculum change to reflect thecapa* 
bilities of calculators and computers?" and, ''What should students 
be learning about calculators and computers?" 

The use of computers in education is now a well established field, 
and one co>jld well spend a lifetime studying just this aspect of 
education. Thus, this booklet will not teach you all about computers, 
or all about computers in education. But it will get you started and it 
will provide a foundation for future learning. 
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What Is a Computer? 



A computer is a machine ffesigned for the input, storajfe, 
manipulation and output of symbols (digits, letters, punctua*^ 
tion).. It can autmtatkalty follow ^ step*by*5tep set of direc- 
tions (called a computer prograrrO that has been stored in its 
menrwry* A computer is a general-purpose aid to problem 
solving in every academic discipline. 




You are undoubtedly familiar whh the hand*held calculator that 
can add, subtract, muttiply and divide. This is an electronic calculat- 
ing device because it runs on electrictltv and the calculation circuitry 
has no moving parts. )t is a digital calculating device because it works 
with individual digits and with numbers represented by a sequence 
of digits, hand*held calculator is a marvelous device. It is cheap, 
reliable, useful and easy to learn how to use. But it is not a computer! 

Novy imagine adding a typewriter keyboard to a calculator so that 
it can^ork with letters and punctuation mar^s ^s well as with digits. 
Imagine automating it, so it can automaticdlly follow an intricate set 
of difectio"*s. You now have a computer? 
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The main emphasis in this booklet )S on con)p]iters, but we wtll 
also cover the topic of calculators in education. Calculator and com* 
puter equipment spans a wide price range and varies widely in capa* 
bility. A hand^held calculator can be purchased for $6 or less, while 
the most expensive computer systems cost a million times this much, 
or more. The cheapest calculator and the mott expensive computer 
do have quite a bit in common, since they both make use of elcc^ 
tronic components for storing and manipulating symbols* But it 
should be evident that an inexpensive calculator is no match for a 
coaiputer in solving problems that maKe full use of a computer's 
capabilities. 

We will study these capabilities and tht?ir educational impli' 
cations. Some of the key ideas include the following: 

LA computer can store a very large amount of data--useful in 
solving a wide variety of problems. 

2* A computer can automatically follcvv a very long and com' 
plicated set of directions specifying how to solve a certain type 
of problem. Large libraries of such computer programs are 
now readily avatlible. 

3p a computer is very fast. Even the least expensive computer 
can carry out many thousands of program steps F>er second. 

4. A computer is a general^purpose aid to problem solving. It is a 
useful tool in every academic discipline and can solve a wide 
variety of problems. 

This last point is very important to keep in mind. We understand 
and accept that reading and writing are generat^purpose skids, and 
that pencil and paper are generaUpurpose tools. Eventually com* 
puters will gain a similar level of acceptance/ and skill in their use 
will be exptectcd of all educated people. 

At orje time computers were quite exi>i;nsive, and it was unthink- 
able that school childrco would be ^Irowed to uie them. But now 
good quality microcomputers are available in the price range of $500 
to$2,000* Asoftheendof 1981 more than a million microcomputers 
have been sold \n the United States, r hey are now more commonly 
available in schooli>, and are increasingly a part of people's homes. It 
is rapidly becoming unltiinkatde that school children net have ac- 
cess to cwnputers. 

In mid*1982, one company was sel) a hand'held computer, 
programmable in BASIC, fo; about $150. A number of companies 
now produce and se)) hand'held or briefcase^tzed computers, with 
prices ranging up to a thousand dollars o' more* The trend towards * 
cheaper, smaller, more capable microcomputers continues un- 
abated. 




Wkat Ig IntcrKcUve Cotii[HiUiig? 



Early models of computers couM be used by only one per- 
son at a time, and little or no interaction between the user and 
the machine coi^ld occur while the machine was worfcingon a 
problem. Yhe devetopmettt of timeshared competing allowed 
many people to simultaneously share a computer's faciHties 
and to interact with th? machine as it worlted on their prob- 
lems.. In the r.iid 1970s a new type of computer^ cJctled a 
microcomputer, was developed. V was des^ned to be in an 
interactive mode but by only one person at a time. Now some 
microcomputers are so powerful that they can be used as a 
timeshared system by a number of simultaneous users* 




The first genera ^purpose etectrcirc digital computer became 
operational in December, 1945. It contained 18,000 " "uum tubes, 
filled up a very large room, used an enormous amount of electnCity 
and required extensive air conditioning. To set up the machine to 
work on a particular type of problem took a week or more. Only a 
limited number of people were able to use the machine to help solve 
their problems. 

Comoutersfitst became commercially ,ivailable in 195!, and tran- 
sistorized computers tlrst became common in i960. Adachines be- 
came smaller, more reliable and required less electricity and air con- 
ditioning. Still only one person could use a machine at 3 lime, and 
the setup time between jobs remained a problem. There v js limited 
opportunity for a person to interact with the machine while it was ac- 
tually solving a problem. 

Two developments during the !960s had a major impact on the 
computer field. First came the idea of sharing a computer's resources 
among a number of simultaneous users. The machine is designed to 
handle a number of input and output units and to interact with a 
number of simultaneous users. This is catted tmesbHTed computing, 
or mferactfve compufin^j. A tineshared computer network can also 



|er|c 



12 



serve 3^ 3 communication system, and that idea is now commonly 
used in modern business communication systems. 
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The second development was the integrated arcuiL The same pro- 
cess used to manufacture a single transistor could be used to produce 
a circuit containing dozens or even hundreds of transistors and other 
components. These were manufactured on a small piece of silicon 
called a chip. Progress in chip technology led to the building of com- 
plex circuits from a small handful of chips, plus appropriate con- 
nectors and power supply. Moreover, as these chips became increas- 
ingly inexpensive to manufacture, the Price of computers decreased 
rc^pidly. 

To begin the 1970s there were two main types of computer sys- 
tems. The timeshared sy${en\ was designed to allow a number of 
simultaneous interactive users, and shared its central memory and 
computing facility among these u:>ers. Alternatively, there were one- 
user-at^a-time systems, called bdtch processing systems. The setup 
time between users was reduced to a few seconds or less in many 
cases. 

In the early 1970s smaller,, less expensive computers, called mini- 
computers, rapidly gained acceptance. They began to be used in sec- 
ondary bchools, and became commonplace in higher education. Chip 
technology continued to progress, and the mid-1970s saw the intro- 
duction of microcompufers— ma*-hines whose electronic circuitry is 
based on a very small number of chips. These microcomputers are so 
inexpensive that they can be used in a combination batch processing- 
timeshared mode. Thus, a single user has full control of the machine 
over an extended time^P^n and interacts with it much in the manner 
of interacting with a timeshared system. The user has some of the ad- 
vantages of both a batch processing and a timeshared system; how- 
ever, there are also certain disadvantages. The communication be^ 
tween % .nuitaneo^is users of a timeshared system is lacking. The large 
storage capacity and versatility of larger computers (typically avail- 
able on both batch and timeshared systems^ are missing. Still the 
microcomputer is revolutionizing the field of computers in pre- 
college education. Its price is sufficiently low so that every school 
system can afford to provide some computer facilities. 

The interactive naicre of mirtoconnnuters has nroven to be an excel- 
lent aid to education. All te^Jchers understand that students need 
feedback to help them learn. Feedback may be provided by a 
teacher, other students or answer sheets. An interactive computer 
system is an excellent loedback mechanism. It can digest and process 
complex student responses and then provide feedback appropriate 
to the situation. It is the interactiveaspect of computers that provides 
the potential for a revolution in instruction. 




Wliat Is Computer Hardware? 



A computer sysiem consists of physical machinery^ called 
hardware/ and programs^ called software* Bothare needed if a 
computer system is to perform a tiseftil task.. The key hard* 
ware components are; 

Input Vnit^ 

Vstti tO get information iirto the computer The most com- 
mon is an eiectric typewriter device catted a kteyboard terminal. 

Output l/nif— 

Used to get information otit of the computer The most 
common is a television display screen, btit typewrtter*'*ke 
printers are also widely used. 

Memory-^ 

Storage space for words and numbers^ divided into primary 
and secondary storage. 

• PrfmarySlo rage- 
Contains a program during eveaitton^ along with the 
data as it is being processed. 

• Secondary Storage^ 

A peripheral storage device that can store information 
in a fonn acceptable to the computer such as on mag- 
netic tape or disk. Provides permanent^ inexpensive 
storage of large libraries of computer programs and 
large quantities of data. 

Central Processing Unit (CPV)^ 

Figures out the meaning of instructions in a program and 
carries them out very rapidiy* 





The least expensive m!cr<x:omputer systems^ costing under $500, 
have all five of the components listed above: input unit, output 
unit, primary storage, secondary storage and central processing 
unit (CPU). For an inexpensive microcomputer system the tnpct 
unit is a typewrtter-style keyboard, perhaps molded into a cabinet 
containing a television set. The output unit is a television set, per- 
haps specially modified to improve the quality of the display. 
Secondary storage may be a cassette tape re<;prder using inexpen- 
sive cassette tapes. The centra) processing unit (CPU) is a single 
chip, called a micropfocessor. Such chips may cost less than $10 
apiece when mass produced. The primary storage is relatively limited 
in total storage capacity and is constnjcted out of chips. 

More expensive microcomputer systems make use oilioppy disks 
for the storage of data and programs. A floppy disk is a circular, flexi- 
ble piece of plastic coated with iron oxide. A computer can access 
any piece of information on a floppy disk in under a second- Typical* 
ly a floppy disk drive costs about $400 to $6(X). However, in 1981 
one major computer manufacturer negotiated a special contract with 
the Minnesota Educational Computing Consortium, in this contract, 
the full cost of a microcomputer with one floppy disk and a black and 
white television display was $575. 

A key aspect of computer hardware is its speed. Even the least 
expensive microcomputer can execute many thousands of instruc- 
tions per second. The most expensive computer systems are perhaps 
a thousand times as fast, able to execute tens of millions of in- 
structions in one second. 

One measurt of the capability of computer hardware is the capa* 
city of primary storage. This type of memory is relatively expensive, 
since it must function at the same high speed as the central process- 
ing unit. On an inexpensive microcomputer system one expects to 
find a primary storage capacity of between 8,000 and 64,000 bytes 
(that is, letters, digits or punctuation marks). A large computer system 
will have a primary storage capacity several hundred times as large. 

The largescale computer system has a number of additional hard- 
ware features that help to improve its overall capability. For example. 
It will have a line printer that is many hundreds of times as fast as an 
electric typewriter. Printing speeds of thousands of words per minute 
are possible. It will have high quality, large capacity, magnetic tape 
units. It will make extensive use of hard disk storage units, which are 
flat, metal plates coated with the same material used on magnetic 
tapes. The total secondary storage capacity of the system may be 
comparable to a large library— that is, the equivalent of hundreds of 
thousands of books. A large-scale computer wilt have a variety of 
other input and output units such as an optical scanned light pen, 
graphics pad^ plotter and graphics terminal. 
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There are many input/output devices that can contribute to r;ak- 
Inga computer system a good educational tooK Very young children 
can learn to use a keyboard terminal But a touch panel which 
recognizes which spot on a display screen has been touched, maybe 
more appropriate to their needs. Similarly, a graphics tablet, which al- 
lows a drawing to be entered into a computer is a useful educational 
tool Many computer systems have an audio output device, perhaps 
one that can make a buzzing noise. But some computer systems can 
output a ftillrange d musical tones as well as the human voice. Voice 
input to coniputer is now quite feasible. It should be recognized that 
thevariety of tnput/output hardware mentioned above costs money, 
although not an unreasonable amount, Aiso, this hardware is useful 
only if appropriate computer programs (software) are available. Com- 
puter software is discussed in the next section, 

A recent, very exciting addition to computer hardware is the 
videodisc* Designed initially for the storage and playback of tele- 
vision programs, the videodisk is also an excellent secondary storage 
device for computers, A laser readout, compute' controlled video- 
disc system can store 54,000 pictures on one disk— the equivalent of a 
half hour of motion pictures. Under computer control one can get ran* 
dom access to single pictures andtor show the materials at various 
speeds, forward or backward. The videodisc system has two sound 
tracks, useful in bilingual instruction and fo, other purposes. Eventually 
videodiscs will help bring high quality computer assisted learning in- 
to homes and schools. 
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What Is C6niputer Software? 



A computer program is a detailed step^by'Step set of in- 
structions specifying how to solve a certain type of problem* 
The terms "computer program" and "computer software" 
mean the same thing* A computer can solve a problem only if 
appropriate software is available* Many thousands of people 
make their living writing computer software* These people are 
good at figuring out how to solve problems and at writing 
detailed sets of instructions* They must have good knowledge 
of the subject matter of the problem area* A very important 
aspect of computers is that computer software can be stored 
in a library by using a computer's secondary storage hard- 
ware* This software is then available for people to usb^peo* 
pie who did not write the programs* You can use a computer 
without knowing how to write programs* 




Computer proKrams are written in computer languages such as 
BASIC COBOL Logoy machine language. Pascal or PILOT, Program- 
ming languages are discussed in the next section of this booklet, Al 
one time the primary cost of using a computer was t!ie cost of the 
hardware. Now. software is often the dominant cost. Of course the 
same software may be used by thousands of people* in which case its 
development cost may be spread out over a large number of people. 

To better understand software, we need to understand Iwo things; 

1, What types of steps or operations can *i computer's central 
processing unit (CPU) carry out? 

2, What is involved in writing software to solve a particular type 
of problem? 



A computer is a machine designed to work with symbols such as 
letters and digits. A computer's CPU can move these symbols be* 
tween various primary and secondary storage units; it can accept 
these symbols as input and produce strings of symbols as output. It 
can combine letters to form words or digits to form numbers. It can 
add, subtract, multiply and divide numbers, it can decide if two sym- 
bols are the same or if a letter ccmes earlier in the alphabet than 
another letter. A CPU is not "intelligent" like a human being. It mere- 
ly mechanically carries out certain simple manipulations o? symbols. 

tf a computer is to solve a problt^m or help solve a problem then its 
central processing unit must be told precisely what it is to do. A 
human being must figure out how to solve the problem and how to 
tell the computer. A computer programmer is a person who knows 
how to solve problems and who is good at wnting detailed sets of in- 
structions in a form that a computer can follow. A programmer must 
have good insight into the capabilities and limitations of a computer's 
hardware and its programming languages. Equally important, a com* 
puter programmer must understand the field containing the prob- 
lems. For example, a programmer may need to know a lot about 
business in order to write a program to solve a business problem. 

A key concept, however is that people other than computer pro- 
grammers can use computers. Once a program has been written to 
solve a particular type of problem, it can be stored in a computer It* 
brary. This means that it is placed in a computer's secondary storage 
system and can easily be brought into primary storage for use as 
needed. One does not need to know how to write programs in order 
to make use of a program from a computer library. Very young 
children can easily learn this aspect of using a computer. It is not 
much more difficult than usmg a TV set or a record player. 

The educational implications of this are immense. A major goal of 
education is to help students learn to solve a wide variety of prob* 
lems. Now we have machines that can solve many of these problems. 
The capabilities of these machines continue to grow as more and bet* 
ter programs are written, and as better hardware is developed. If a 
computer can solve a certain type of problem, what do we want peo* 
pie to know about solving the same problem using pencil and paper, 
or mentally? 

One important branch of computer science is called Arurtuat 
/nfeWfgence (Al). Artificial Intelligence deals with how smart a com- 
puter can be^if it can do intelligent*like things. Computers car play 
complex games such as checkers or chess quite well. They can per* 
form medical diagnoses, carry on a conversation and aid iri foreign 
language translation. Progress in Artificial Intelligence research is 
continually expanding the horizons of computer capabilities. Need* 
less to say, Al may have a great impact uPOn education. 
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Computer libraries are now available that contain thousands of 
programs. Each program is d€signed to solve a particular type of 
problem. Some of the problems are quite complex— it mig!it take a 
person months to learn to solve the problem without the aid of a 
machine. Some of the problems involve so much symbol manipula- 
tion (calculation) that the only practical method of solution is by use 
of computers. A modern, high-quality education demands that stu- 
dents learn to use computers as a genera l*purpose aid to problem 
solving. 

One of tfie most complex problems faced by our society is helping 
students to learn. Writing computer programs that will help students 
learn is not an easy task. Fortunately, there are now many profes* 
sional educator*programmers who are working on the problem. The 
supply of commercially available, high quality educational software is 
gradually expanding. Currer^Uy^ there is a shortage of software de* 
signed to fit the wide variety of instructional needs that exist in 
elementary school education. However, in mid*1982 there were 
about 400 companies in North America producing educationally* 
oriented software. While these companies vary considerably in siz'?, 
in total they are producing many thousands of new and/or revised 
pieces of software each year. 

Remember that a computer program is a detailed set of directions, 
telling what to do at all stages of solving a certain type of problem. 
Suppose that the ''problem" is to help a student learn reading or 
arithmetic. Do we know enough to mechanize the process? It is easy 
to See from this question why it is difficult to develop good quality 
software for use in elementary education. One needs to know the 
subject matter, learning theory, children and the computer. Because 
of the broad range of knowledge and talents necessary, software is 
often devebped by teams. A team might consist of a teacher, a media 
specialist, a learning theorist and a computer programmer. Such a 
team, properly experienced in working together, can produce very 
high quality educational software. But because of the large amount of 
labor involved in its development, good quality educational software 
tends to be quite expensive. 
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What Are Programming Languages? 



The central processing unit (CPU) of a computer "under- 
stands" (that is, it can interpret and carry oiit) perhaps 60 to 
300 different instructions* This {s the machine's "machine Ian* 
guage/' and different brands or models of computers general- 
ly have cfifferent machine languages. A number of "univer* 
sar' languages, with names like BASIC COBOL, Logo, FOR 
TRAN and Pascal, have been developed. Programs written in 
these languages can be used on a wide variety of makes and 
models of computers. This is made possible by certain trans- 
lating programs, which translate these languages into machine 
language. A cfifferent translating program is needed for each 
programming language, and for almost every make or model 
of computer. 




Without appropriate software a computer can do tiothing. Thus, a 
major aspect of the h(Story of computers is the development of better 
aids for programmers. Programming in machine language is slow and 
error prone. Programs written in the machine 'anguage of one 
machine will not run on a machine with a different machine lan- 
guage. Out of this difficulty arose the idea of "higher level" lan- 
guages—programming languages that would be independent of any 
particular machine. 

Beginning in the f950s, computer scientists developed a large 
variety of these higher level languages. FORTRAN was developed for ^ 
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scientists, COBOL for business people, BASIC for college students, 
Logo for elementary sclicol students, and PILOT for educators. New 
languages have been developed as computer scientists gain better in- 
sight into the G.pabilities and limitations of computers and the par- 
ticular people who v^ill use the languages. A language designed to fit 
the needs of a first grade student is not apt to fit the needs of a re- 
search scientist. A language designed to aid in music composition is 
not apt to fit the needs of an architect. 

The language BASIC was developed at Dartmoutn College in the 
early 1960s to meet the interactive computing needs of college stu- 
dints. Since then the use of BASIC has grown rapidly, so that it is the 
most widely used language in education at all levels. This in no sense 
implies that it is the best language for use in precotlege education— 
merely that •* is currently the most uspd language. If a language such 
as BASIC is to be used on a particular computer, there must be a 
translating program that translates BASIC statements into that ma* 
chine's machine language. The sample BASIC program given below 
can be run on dozens of different types of computers because dozens 
of different translating programs have been written for BASIC. 

too REM* •••PROGRAMRECTANGLE"' 
110 REM • DESIGNED TO ILLUSTRATE PROGRAMMING IN BASIC 
120 REM • PROGRAM WRIHEN BY DaVID MOURSUND 
130 REM* VAF.IA8LES: 
140 REM • A - AREA OF A RECTANGLE 

150 REM • L - LENGTH OF A RECTANGLE 

160 REM • P - PERIMETER OF A RECTANGLE 

170 REM • W - WIDTH Or A RECTANGLE 

1B0 PRINT "THIS PROGRAM WORKS WITH 

RECTANGLES." 

190 PRINT "YOU SUPPLY THE LENGTH AND WIDTH, 

AND" 

200 PRINT "THE COMPUTER DETERMINES AREA AND 

PERIMETER." 

210 PRINT "WHAT IS THE LENGTH OF THE RECTANGLE?" 

220 INPUT L 

230 PRINT "WHAT IS THE WIDTH OF THh RECTANGLE?" 

240 INPUT W 

250 REM 'USE FORMULAS TO COMPUTE THE AREA AND 

PERIMETER. 
260 LET A - L'W 

270 lETP- 2'L+ 2'W 

2B0 PRINT "THE AREA OF THE RECTANGLE IS";A 

290 PRINT "THE PERIMETER OF THE RECTANGLE 1S";P 

300 END 

When this program is run on an interactive computing system, it 
will print out directions to thtr ussr (lines 180-200), request values for 
^ the length dnd width of a rectangle (lines 210-240) and then compute 
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(lines 260*270) and output (line^ 280^290) its area and perimeter. The 
user ofthe program (Joes not need to remember the details of the for- 
mulas for area and perimtfter. The program wc ks equally well for 
simple numbers such as a 16 by rectangle, and for morecompli* 
cated numbers such as a t6.d29 by 83.647 rectangle. 

A single computer can "understand" any number of different Ian* 
gudges. All that is necessary is thfit the apprcpriate translating pro* 
grams be written. 8ut writing a translating program may take several 
years of a full time, very skilled programmer's effort. Thus, translating 
programs are quite costty. The manufacturer of an inexpensive com* 
puter system is apt to provide translators for one or two languages. 
The owner of the machine may need to purchase additional trans* 
lators, or pay to have them developed in order to have other Ian* 
guages available fcr use on the machine. 

Programming languages are designed for precise communication 
between people and computers. Students at every grade level can 
learn to program if app;oprrate lar|gi!:!ges and hardwa : are avail- 
able. 

The language Logo was specifically design*^ ^ to be suitable for ele- 
mentafv school students. Seymour Rapert began developing this lan- 
guage at the Massachusetts Institute of Technology in the early 1970s 
and has continued to work with it ever since. 

Most adults have difficulty believing that children can learn to pro- 
gram a computer. If learning to write programs is a dif^cult task for a 
college student, how can an elementary school student do it? A very 
good answer is provided by ex;'mining the analogy of learning <; 
foreign language such as Spaiu^n or Russian. It is hard work for an 
adult to learn a second language, but a chikJ raised in a bihr^ual en- 
vironment can easily become fluent in two languages. 

Logo was designed to help create a learnfng environment, a place 
where students can learr by doing. Children in a Logo environment 
learn bydoingand by interacting whh other children. Adult guidance 
ti> sometimes necessary but, as with other forms of discovery learn- 
ing, should be kepr to a minimum. This requires that teachers be 
knowledgeable both in the ^programming language and in helping 
chikJren to learn in a Logo environment. 
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PART II - iNSTBUCriONAL USE 
OPCOMPUTEaiS 



What Aie the Main Categories of 
Ediicfiiicmal U&e of CcMnptitm? 



The educational use of computers can be divided into 
administrative, instructional and research uses. Higher edu*- 
cation in the United States spends ahout 3-4% of its entire 
budget on computing, with funds fairiy evenly distributed 
among the three uses* The typical pre^ollege school system 
spends 1*3% of its buc^ for computing. Curtently, adminir^ 
trative use far exceeds instructional use, and computers ate 
used for relatively little research in school systems. Vay fe^r 
school districts in the United States currently spend even 1% 
of their budgets for instructional use of computers, altliou^ 
this type of usage is now growing quite rapidly. 




\^'e assume that you are most interested in instructional uses of 
computers/ so most of the remainder of this booklet is devoted to 
various instructional aspects of computers. First, however* we discuss 
some administrative and research uses of conDputers in education. 
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In the United States the great majority of schoot vystems make ad- 
ministrative use of computers, and this type cf use continues to grow. 
Detailed records must be kept and reports must be filed with the state 
government. Teachers must be paid and tax records must be filed 
with the federal government. Student records must be maintained 
and grade reports must be sent to parents. Inventories of supplies, 
boolQ, instructional materials^ etc. must be maintained and account- 
ed for. All of these tasks can be accomplished using "by hand" 
methods^ But often, these tasks can be done better and moreecono- 
mtcally with computer assistance. 

School ddminbtrators need rapid access to accurate information 
to aid in decision making The idea of a computerized management 
information system is now common in business and industry, and is 
gradually coming into school systems. Data that may be needed for 
decision matcing ts collected and stored in a computerized infor- 
mation retrieval system. Software is developed to allow the process- 
ingofthis data. With a good computerized management information 
system, an administrator can easily get answers to questions such as, 
"What if Bus #7 doesn't run today due to snow?" or "What if substi- 
tute teachers' salaries are raised 1 5%?" Because computers are such 
useful aids to sdiool adminstrators, we can expect their use to in- 
crease rapidly in the years to come. 

Computers are an essential tool to research in eiJucation. The 
United States government helps fund a number of educational re- 
search centers, called Educational Research Information Centers 
(ERIQ, which subscribe to almost every educational journal and seek 
out literature on educational reseatch. These centers hire people to 
write summaries and to index the articles. All of this information is 
put into a computeri:^ed information retrieval system for use by re- 
searchers* 

For example suppose you were interesteo In b^'ingual, multi- 
cultural education. A computerized search of this topic in the ERIC 
data bank might cost $15. In a few minutes you could receive titles 
and brief abstracts oi a number of current artides ir^ this area. The 
same computer system can even be used to place an order for miao- 
film copies of thearticJcsI There are now hundreds of computerized 
data banks of bibliographic information. Moreover, major libraries 
such as the Library of Congress have switched to a computerized 
replacement of the card catalog system. 

A second typical research use of computers is in the statistical 
analysis of educational data. A school system decides to institute a 
special program of instruction in some of its schools. Tests are 
administered to students entering the special program as well as to a 
control group of similar students who will not be in the special pro- 
gram. Later, all of these students are tested again, and comparisons 
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are made to see what types of changes have occurred. Computers 
areane$sentialtool to working with large ^etsofdata and performing 
the necessary statistical analyses. 

Both administrative and research uses of computers in education il- 
lustrate an important point. Computers are a tool that may be useful 
in attacking certain problems. Usually these problems are already be* 
mg handled by some other (noncomputerized) means. Thus, one has 
a choice— to use or not to use a computer. The decision to use a 
computer should be based upon a carefitil study that considers the 
advantages and disadvantages of computer usage. Merely oecause a 
computer can be used to help accomplish a specific task does not 
mean that it should be. Keep t^ts idea in mind as instructional aspects 
of computers are discussed. 

The remainder of this section discusses: 

• Computers as they impact the general curriculum: 

The mere existence and widespread use of calculators and 
computers in the adult world requires modifications of the cur* 
rent curriculunr>. 

• Computers a^an aid to instruction: 

The goal is to help students learn more, better, faster. 

• Computer literacy: 

What elementary students should be learning about com- 
puters if they are to be adequately prepared to cope with this 
aspect of their future education and life in our society. 

^ The role of calculators in the elementary school. 
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What Impact Should Comptitef^ Have 
00 tlie Current Curricultitn? 



The first auA foremost goal of education is to give students 
the tools/ skills and knowledge to cope with the types of p. Ah 
le*ns faced by people in our society, >>th professional ^u- 
cators ynd the ijeneral public agree that readir^ writ<r^ and 
arithmetic ane essentral to understanding, repfpsentir^ and 
solving problems. 

From early on humans have devised and used tools to help 
solve problems. Now calculators and computers have been 
devekped-*-mainty to help solve adult types of problems, £te- 
mentary school educators must decide what role these ma* 
ch^Ms will play; what students will learn tc do mentally, what 
they will team to do using simple tools such as pencil and 
paper, and wh.:! they will learn to do usit^ more complex 
tools such as books, calculators and computers. 




While education has many goals, it is (generally agreed that the 
most important one is to help students acquire the tools, skills and 
knowledge to cope with the types of problems kced by people in our 
society. Thus. \ve have <i major emphasis upon the three R's, and on 
learning to learn. 

K is problem solving, and learning to cope with a wide variety of 
problemv that is at the heart of educatior. Major steps m problem 
solving include: 

K Understanding the problem. 

Here rea'^ing and listening are essential skills, and overall 
general education and common sense are important. 
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2, Figuring out and representing a plan of attack 

Thinking, drawing on previous knowledge and writing are 
important. 

3, Carrying out the plaa 

This may be a routine^ rote task. Speed and accuracy are 
desirable^ and perseverance and attention to detail are 
necessary. 

4, Understanding the meaning of the results and checking to 
make sure they make sense. 

A thinking task, drawing on previous knowledge and on 
one's understanding of the problem. 

Of these four steps, the easiest to teach and the easiest to test on 
stanJardrzed tests is Step 3, It is evident that this step rs essential if a 
problem is to be solved, and it is not surprising thai our schools place 
great emphasis upon developing skill in carrying out routine tasks. 
But this is precisely what calculators and computers do best! More- 
over, adults now commonly use calculators and computers to help 
them in Step 3 situations. 

We can gain insight into this issue by considering calculators in the 
elementary and middle schooL It takes a number of years of instruc- 
tion and practice for students to master paperond-pencil algorithms 
for multiplication or division of numbers containing decimal frac- 
tions, or for calculating a square root. There is a clear difference be- 
tween understanding the concept of these operations (what problem 
IS being solved, why does one want to solve it) versus mastering the 
paper and pencil algorithm. Calculators provide an alternative. Per- 
haps it is not a necessary or appropriate use of school time to have 
students master those ppper and pencil algorithms. Perhaps the time 
might better be spent in improving students' mental arithmetic skills 
by increasing their understanding of the problems to be solved and 
by encouraging more experiences in problem solving. 

The electronic digital watch and clock provide another interesting 
example. Young children can learn to "tell time" (state the numbers 
representing the time) very easily from a digital readout. But clearly 
this is different from "understanding" time or solving problems 
related to time. Thus, a digital watch does not solve the problem of 
teaching students about time any more than a calculator solves the 
problem of teaching students arithmetic. But both the digital watch 
and thecakrulator are valuable tools, and each requires that some re^ 
thinking and restructuring of the curriculum be done. 

The readyavailability of computers broadens the scope of areas in 
which curriculum revision may be necessary, 'Vord processing (a 
computerized typewriter) provides an interesting example, A modern 
word processing system consists of a keyboard terminal, a TV display 
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screen, a typewriter-quality printer and a secondary storage device 
such as a magnetic disk* Material is typed into the computer and dis- 
played on the TV screen. Corrections a:e easily made* The computer 
can even be asked to check for possible misspellings. The material is 
then printed out on paper using the typewriter printer* 

A woid processing system greatly increases the productivity of a 
writer or secretary. Its potential impact upon students learning to 
write is also significant. ShoulH typing be taught in the elementary 
school? If a computer can check one's spelling, does spelling remain 
at its current level of importance? How important is good penman- 
ship if typewriters or word processing systems are readily available? 

Still another interesting example Is provided by a computer system 
attached to a music synthesizer. It may well be that many young 
children have (he capability to compose music. But most children do 
not develop this talent, since they lack the skills to perform or repre- 
sent the music they can create in their minds. An interactive com- 
puter system can help solve both of these problems. The use of such 
equipment in the elementary school curriculum could significantly 
change music education. 

We have machines throughout our society such as the car, train, 
airplane, typewriter, telephone, radio, television, telescope and 
microscope. Our educational system teaches students to work with 
these machines, rather than to compete with them. We need to 
teach students to work with calculators and computers as well. Our 
overall curriculum needs to change, to reflect the important role that 
calculators and computers can play in problem solving. This means 
that we must decrease the emphasis on routine and fote skills of car- 
rying out a plan to solve a problem, and instead to place increased 
emphasis on the higher level skills of understanding, figuring out how 
to solve problems, representing plans to solve problems and under- 
standing the meaning of results produced when these plans are car- 
ried out. 

Two points need to be made clear. First, paper and pencil remain 
essential tools— it is merely routine, rote paper and pencil manipu- 
lation that is decreasing in importance. Secor^d, there is an increased 
need for accurate and rapid mental skills such knowing the basic 
number facts and knowing how to spell and punctuate. In empha- 
sizing these skills we are preparing students to work with the com- 
puter rather than to compete with it. 
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How Af« Computers Used as an Aid to Instruction? 



The use of computers as an aid to instruction ha$ been ex- 
tensively researched over the past 20 years. There substan- 
tial evidence that computers are an effective instructional de- 
livery system; that i$, with a broad range of concfitions, stu- 
dents and subject matter, students learn better and faster with 
computers as compared with "tradHional" instructional 
delivery systems* This is highly dependent, of course^ upon 
having available adequate and appropriate computer soft- 
ware and hardware. Since software and hardware can be 
quite expensive, the cost effectiveness of computer assisted 
learning sbould be questioned. However, the low cost of 
microcomputers now make computers a feasible aid to in- 
struction* 



The overall field of teaching and learning using computers is called 
computer assisted learning. Research in this field began in the late 
1950s, A few massive federally-funded projects and many hundreds 
of smaller projects are reported in the literature. For example^ the 
PIj\TO project began at the University of Illinois in 1959 and is now 
commercially distributed by Control Data Corporation, Pat Suppes of 
Stanford University began to develop drill and practice materials for 
the elementary school in the 1960s, These are now used throughout 
the United States, distributed by the Compuier Curriculum Corpora- 
tion started by Suppes, A major drawback to extensive use of com- 
puter assisted learning has been its high cost. However cor'puter 
costs per hour of student usage have declined sharply since micro- 
computers began to be mass produced. Computers are now a cost^ 
effective aid to instruction in a variety of situations. 

Because; until the advent of micr<x:omputers, computer assisted 
learning was too expensive for widespread Implementation in or- 
dinary public schools and the home, the great majority of computer 
assisted learning has been rn medical schools^ armed services edu- 
cation and in remedial education^ where the cost of traditional edu- 
cation is high. Microcomputers have allowed two major changes. 
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First, they have reduced the cost of the hardware needed by a signi- 
ficant factor Second; they have broadened the potential audience, as 
hundreds of thousands of microcomputers have now been sold. This 
allows thecost of software development to be spread among a larger 
number of users and makes the commercial development of com- 
puter assisted learning materials economically feasible. As computer 
costs continue to decline and better materials are developed, we can 
expect computer assisted learning to play an increasing role in all of 
education* 

Computer assisted learning is often broken down into three parts, 
only two of which are apt to occur in an elementary school setting: 

Computer Augmented learning (CAL) is the easiest/ quickest and 
probably the least expensive instructional use of computers to imple- 
ment. With CAL, students write programs and/or make use of com- 
puter library programs to help solve the types of problems that arise 
in various academic studies. Large libraries of such programs have 
been devebped for use by people in the real world/ people who 
need to solve on-the-job problems, and such software is readily 
available* Both teachers and students can learn to use CAL programs 
with a minimum of training* Computer Augmented Learning is quite 
common at the college level and is beginning to appear in high 
schools* But elementary school students tend not to have much 
knowledge of real woHd problems that would require a computer for 
solution, nor do they have programming skills* Thu$, Computer 
Augmented Learning is not of particular concern to elementary 
school teachers. 

Computer Managed Instruction (CMI) is the use of computers as 
an aid to accomplishing management aspects of teaching and learn- 
ing* For example/ a computer can be used to score multiple choice or 
true/false tests, perform an item analysis on the questions^ and even 
print out individualized diagnostics for students* A computer can 
store grade records and print out summary statistics, A computer can 
keep track of each student's standing and progress in an individual- 
ized program of study* A computer can generate tests and administer 
them to students in an individualized interactive fashion* 

Computer Managed Instruction can aid teachers in much that is 
burdensome/ time consuming and relatively unrewarding in teach- 
ing* It does require extensive software, keyed to the particular subject 
matter and instructional materials being used in the classroom. By 
and large this software is not currently available for elementary 
school education* As it is developed, it will initially be keyed to tra- 
ditional, nationally-marketed textbook series* Several major publish- 
ing companies are devebping such computerized supplements to 
their textbooks. 




Cofnpurer Assfsfetf Insintction (CAI) is the use of computers to 
present instruction to students, ix is the interaction between a com- 
puter system and students to help students learn new material or im- 
prove their knowledge of materials previously studied. At its simplest 
level much CAl is merely rote drill and practice with the computer 
serving as a drill master and record keeper. There are many inexpen- 
sive alternatives to this such as flashcards, students drilling each other 
and hand-held calculator-like arithmetic drill machines. Still CA| drill 
and practice is a very effective aid to learning. At a tnpre sophis- 
ticated level CAI can be thought of as a programmed ^ext. Various 
materials are presented to the student based upon the correctness of 
answers to questions previously presented by the machine. A stu- 
dent's rate of progress is governed by his or her learning rate. At the 
most sophisticated level there exist a few dialogue systems in which 
the ComputerLand student interact in higher level problem solving ac- 
tivities. Often these are computerized simulations of real world prob- 
lems such as controlling water pollution, running a nuclear reactor, 
fighting an insect infestation or running a business. Many of these 
simulations are quite realistic; interacting with them is exciting and 
results in substantial learning. 

Computers are proving to be especially useful in helping handi- 
capped children. Physically handicapped children use computerized 
systems to aid m communication and in gaining access to infor- 
mation. Voice input and voice output devices are of growing i^Tiport- 
ance. Learning -disabled children benefit from computer assisted in- 
struction. The computer as a patient, individualized tutor is quite suc- 
cessful with these students. 

Computer assisted learning is a direct challertge to teachers and to 
much of traditional education. As more and more good materials are 
developed and are proven effective in widespread use, the current 
role of teachers in education may change. Students will be able to 
have inexpensive, patient, interactive, personalized tutors to use at 
home, in public libraries and in school settings. Al Bork. one of the 
leading proponents of computer assisted learning in the United 
States^ predicts that by the year 2000 more than half of all instruction 
in this country will be via computer. 

One can think of computer assisted learning as a further step in the 
automation of education. (Certainly books and the printing press 
represent earlier ^teps.) Undoubtedly it will disrupt the current, 
traditional system, and eventually it will change teaching. It seems 
likely that this will occur rather slowly— indeed, almost all changes 
in education occur rather slowly. Also, it should be recognized that 
teachers play many roles in education. While computer assisted 
learning can help fill some of these roles, it makes little or no contri- 
bution to others. Children need loving, caring, feeling teachers. Com- 
puters can give teachers more time to use these human capabilities. 



What Should Students Leant About Computers? 



Leaders in the computers-in-education field agree that all 
students should become computer literate. This means they 
should learn about the capabilities and limitations of com- 
(Hiters; they should learn the social, vocational and edu- 
cational implications and effects of computers. 

Two levels of computer knowledge are important in pre- 
college education: an awareness level and a worlting-tool, or 
fundionat level. An awareness level can begin to be devel- 
oped in elementary school and can be integrated into each 
subject the student stucfies. A functional level requires speci- 
fic instruction in the use of a computer, including substantial 
hands<on experience, both in using existing library programs 
and in writing programs to solve problems. 

There is a still higher level of computer Icnowled^e^the 
pro^essfona/ level. Training to be a computer profe^^sional is 
currently addressed primarilv at the post-high school level, 
although a few high schools do offer some professional level 
training. 




The question of what students should learn about computers has 
been studied by many professional groups over a period of years. 
There is nearly universal agreement that all students should become 
computer literate. However, computer literacy is a nebulous con- 
cept; there is not universal agreement as to its meaning. 

Historically, computer literacy tended to refer to an awareness 
level of computer knowledge. Students would read about computers 
and learn about therr capabilities, limitations and applications* They 
would gain insight into how computers were affecting the world and 
the vocational/educational implications of this upon individual stu* 
dents. This point of view was strongest when computers were still 



quite expensive, and it was therefore not feasible to mak? hands-on 
experience available to most students. 

Gradually educators have come to realize that computers are even 
more important than first suspected, and that students at all edu- 
cational levels can learn to use a computer as an aid to problem solv- 
ing. This has been accompanied by a continued; rapid decrease rn 
the price of computer hardware. As cor/iputers have inaeasingly be- 
come an everyday tool of niillionsof people, it has become clear that 
we must raise our sights. 

Nowadays the goal of universal computer literacy focuses on a 
working knowledge— a functional level of knowledge about using 
computers. Progress towards this goal can begin in the elementary 
school. 

Suppose, for example, that an elementary school has 250-300 stu- 
dents in grades 1-6, The school has three microcomputers which are 
housed in the library media center along with a library of software 
appropriate to the needs of students. The media specialist knows the 
rudiment^ ng the microcomputers, and who to contact if main- 
tenance o, . pair is necessary. 

If the three microcomputers are fully used during school hours, 
then a total of about 2700 hours of contact time, or nine hours per 
student per year is available. How can this computer time be used to 
help raise the computer literacy level of students? 

Clearly, an average student access of one hour per month will 
not have a significant impact upon a student's overall instructional 
program. That is not enough computer access for a significant com- 
puter assisted learning program. But the following goals could be 
accomplished: 

1, Beginning in the first grade, every student will learn to check 
out a program disk or tape from the program library, turn on the 
computer system, load and run a program, and return the tape 
or disk to the program librarian, 

2, Each month every student will have 15-20 minutes of computer 
time to use drill and practice materials. The materials should in- 
clude a variety of subject matter areas and be suited to the level 
of the student. Thus, students can experience computerized 
drill in subjects such as arithmetic, geography, science, history, 
spelling and vocabulary. 

3, Each month every student will have 15-20 minutes of computer 
time to use an interactive simulation/game designed to help 
them learn a particular subject. These programs will be chosen 
to reflect a variety of subject matter areas and types of simu- 
lations. 
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4, Each month every student wilt have 15-20 minutes of computer 
time to use a microcomputer for recreational purposes. The stu* 
dent should be abEe to choose from a variety of games suited to 
his/her hand*eye coordination, mental skills and interests. 

The overall result of this program is that each student mil learn to 
use a computer in a wide variety of ways and will likely enjoy the 
overall process. Part til of this booklet contains a number of sample 
activities that can be c^irried out in a classroom. Alor^ with ap* 
propriate movies or othei multi*media aids, these activities will con* 
tribute significantly to student awarent^ss of computers. 

The schedule of microcomputer usage listed above is based upon 
a 5-hour day, 180 days per year If students have accesstocomputers 
before and after school during lunch f;rTie and on evenings and 
weekends, substantially more hands*on experience is possible. If a 
teacher in the school has a significant level of computer knowledge, 
then a computer class might be offered to some students, or a com* 
puter club might be started. Some students might learn to program u 
Logo or BASIC. 

The plan just discussed should not be taken as an ideal model. It 
represents one possible starting point, assuming a certain level of 
computer accessibility and a low level of teacher knowledge. If the 
school had only one microcomputer, the plan could be followed for 
5th and 6th graders. With two microcomputers, the plan could be us* 
ed with students in grades 3*6. If more computers are available, then 
computer assisted learning becomes feasible. 

Over a period of time one can expect that both computer acces* 
sibiltty and teacher knowledge will grow. It a school system decides 
that computer assisted learning should be used, a considerably 
higher level of computer access will be necessary; typically, a speci* 
fied group of students will have everyday acress to a computer For 
example, it is common to have students drill on arithmetic or on lan- 
guage arts skills for 10*15 minutes each day. When the computer is 
not being used for these purposes it can be used to allow increased 
computer access by all students in the school. 

There are now some people who advocate that all elementary 
school students learn to use the Logo programming language and 
learn to use a word processing system. Research has demonstrated 
that this is possible if appropriate equipment and instruction are 
available. Currently, few elementary schools can afford adequate 
computer facilities for this; moreover few elementary teachers have 
an adequate knowledge of computers to handle such a learning 
environment. Thus, such ^ massive influx of computers into ete* 
mentary school education is not likely to occur in the next few years. 
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What Role SbouM C«IcuUtor« Play in 
Elementary School Bducatioii? 



Ahhough the dividing line between calculators and com- 
puters is not very distinct, calculators are primarity an aid to 
performing mathematkai calculations. Therefore, their great- 
est initial impact is on the math curriculum. The National 
Council of Teachers of Mat hematics (NCTM) strongly supports 
their use throughout the school curriculum* 

At the elementary school level, students can become 
familiar with calculators and begin to develop skill in their 
use* Limited and judict<His use of calculators here can free up 
sometime that can then be spent on the "thinking" and other 
higher cognitive levels of activities needed in mathematical 
prot>lem solving. Jbisjuse of calculators can change the overall 
flavor or direction of the mathematics curriculum. 

Because the calculator has many compute^like features, it 
is a useful aid in introducing certain computer topics* For ex- 
ample, t he memory in a calculator with 4*key memory is quite 
similar to a computer^ memory, and the calculator number 
system is similar to the computer number system* 




Calculators and other electronic aids to mathenrtatical calculation 
are now an everyday tool of most adults who need to do calculations. 
An estimated 30 million calculators a year are being sold in the 
United States. Some are so small that they are ^s easily carried as a 
credit card. An elearonic digital watch with a built-in calculator now 
retails for under $40. 
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Some major educational issues are: 
1* What shoufd students learn about calculators? 
2. When should they learn it? 

3* When and how should students be allowed to use cakulators? 

The often-voic*;d feai is that widespread student use of calculators 
will lead to a dependence upor» these machines and ^ decrease in 
mathematical skills* The use of calculators has been studied in hun* 
dreds of research projectSi and the results tend to allay the fears. Use 
of a calculator doe^ not cause a student's brain to atrophy* Judicious 
use of calculators does not damage the curriculum; indeed^ their use 
can contribute substantially V it. 

At the primary level (grades 1*3)i calculators have only modest 
value* They are an additional math manipulativei an exploratory tool* 
Their occasional use can provide variety to the curriculum and can 
serve as an aid to learning materials currently taught at this level. 
Primary grade students enjoy playing with calculators^ and many 
consider them to be delightful toys. 

During the primary grades^ students develop a concrete and intu!*ive 
understanding of the four basic arithmetic operations. !f this under* 
standing and awareness is focusnd upon real worid problems, then 
students will encounter some computational tasks that .!iey can 
understand but cannot solve. This is a good situation, and calculator 
usage here is desirable. 

At the intermediate level (grades 4-6)1 it is useful to haveclassiooi*i 
sets of calculators* Students can receive instruction in their use and 
begin to develop the skills necessary for the calculator to become a 
useful tool. Some decreased emphasis upcn paper and pencil catcu* 
lation can occur with inci^ascd emphasis placed on mental arith- 
metic (both exact and approximate) and on problem solving. There 
can also be increased emphasis on areas of mathematics such as geo- 
me!r/. logk and statistics. 

By the time students finish elementary school they will have de- 
veloped good skills in using a calculator to perform the four basic 
functions. They can learn to use the memory features of a 4-key 
memory system and therefore can work with fractions and more 
complex calculations. This will require some classroom instructional 
time and a lot of practice. It requires a higher level of calculator 
knowledge lhan most elementary teachers currently possess. 

The issue of how much students should use calculators is still not 
setded. Many math educators suggest that the virtually unlimited use 
of calculators in the intermediate grades and higher is both accept- 
able and desirable. This would cause a significant change in the cur- 
riculum and they feel this would be a change for thp better. 
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Other math educators are more cautious or conservative. They are 
quick to point out that the secondary schools and national testing ser- 
vices must first accept calculators, so that students will be allowed to 
use them at all educational levels and in all testing situations. They 
also note that many parents object to their children using calculators, 
and that we do not know the long term effects of substantial calcu- 
lator usage. It now seems likely that the use of calculators will be- 
come more and nr.ore acceptable throughout all of education, but 
that the rate of acceptance will be slow. 

To summarize, calculators should have the following effeas upon 
the elementary school curriculum: 

1. Students should be .^^ected to develop better exact and ap* 
proximate mental arithmetic skills. 

2. Problem solving should be stressed at all levels, resulting in 
better problem -solving skills. 

3. There shoulo a decreased emphasis upon paper and pencil 
calculation, especially for muhidigit multiplication and division. 

4. Students should learn to use calculators, developing a high 
level of skill and accuracy, and learn to use the memory 
features. 

It was previously mentioned that there is no fine dividing line be- 
tween calculators and computers. Hand-held computers first became 
commercially available in the latter part of 1980. Calculator-like in 
appearance, these computers are programmable in BASIC and have 
many of the features of larger computers. Students can learn a sub* 
stantial amount about computers by studying and using hand-held 
calculators and hand.held computers. Calculators and computers 
empby the same types of electronic circuitry and the same types of 
internal logic. Calculator arithmetic and computer arithmetic (based 
upon their machine number systems) are similar. The general ideas of 
problem solving using calculators are similar to those of problem 
solving using computers. All of this is an added motivation for the 
integration of calculator usage throughout the curricukim. 

Calculators are easy to learn to use at a superficial level, fiowever, it 
takes a significant amount of effort to learn to use the memory fea* 
tures of a calculator and the functions on a multi-function calculator. 
The calculator number system different than the real number 
system, and herx:e there are peculiarities about calculator arithmetic 
that a teacher should understand. Therefore, if a teacher is to make 
serious use of calculators in the classroom there will need to be sub- 
stantial learning on the part of both students and the teacher. 
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What Do ElemettUry Sohool Teiidiers Need 
To Know About Computers? 



(lementary school teachers need to be calculator and com- 
puter literate. They need to know how to use calculators and 
computers and the expected results of usingthese machines in 
schools. An awareness level of literacy can come from reaifing 
this booklet. This literacy level can be ^^^^panded through 
hands^n computer experience and through using calculators 
and computers with students. For teachers who are seriously 
interested in computers^ liowever, a substantial program of 
study at a college or university is likely to be necessary. 



Educators understand that one can begin studying a discipline 
such as mathematics, literature, writing or science in elementary 
school and continue to study it up through the level of a college 
degree or even a Ph.D. Suppose you had never encountered mathe- 
matics (arithmetic) before, and then someone came to you and said 
that you needed to be mathematics literate. !t is obvious that reading 
a short booklet on mathematics would not give you the level of 
mathematics literacy necessary to a capable elementary school 
tea'^hen 

Computer Science (often called Computer and Information 
Science) is a new discipline. Although the first college degree pro* 
grams in this discipline were started in the early 1960s, this discipline 
already has a depth and breadth comparable totheother major aca* 
demic fields of study. There are now hundreds of research journals in 
computer science: more students are now earnirq; bachelor's de* 
grees in computer science than in mathematics. 

This short booklet is <lesigned to help you bof^m to acquire a 
minimum level of computer literacy, A few hours of hands-on com- 
puter experience and the reading of this booklet can make a substan- 
tial contribution to your total knowledge of computers, especially as 
they are applied to education. But you should reali2e that you have 
only scratched the surf;irp. You could spend a lifetime studying com- 
puter science and computers in education, and still not learn all that 
is currently known in these fields. 
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Here are four ways to mcrease your knowledge of computer 
science and of computers in educatfon: 

KBe aware of computers in your everyday life. Newspapers^ 
magazines, news broadcasts, television science specials, educa* 
tion journals^ etc. all carry material about computers* Since you 
now have some basic knowledge about computers, it is not too 
hard to add to it. Be especially aware of ads for computer* 
related products. They give a good indication of the current 
state of the art in hardware and software. 

2. Talk about computers and calculators with your friends and 
fellow teachers, and with yout students. Read the next section 
of this booklets which contains a number of classroom activities^ 
and begin to try some of these with your students. Learn by do- 
ing, and let other people help you learn. Some of your students 
may know more about computers than you do. You and your 
class can learn from these students. 

3. Take a formal computer science course. You can probably find 
a computer programming course at a nearby college or univer* 
sity. Encourage your school system to arrange a workshop or an 
inservice course. If you are serious about learning more ^Sout 
computers, then you will netfd this formal instruction. 

4. Subscribe to and read some computer-oriented publications, A 
tist of some periodicals is given in the Brief Guide to Periodical 
Literature section of this booklet. By all means subscribe to The 
Computing Teacher, as it is designed specifically for teachers* 

There are many other aspects of computer science which have 
been mentioned only briefly or not at all in this bookk*. Some of the 
sub-fields include ^m/ioa/ mtethgenQe (Ail business data processings 
computer graphics, information retrieval, numerical analysis^ 
programming languages, simulation, and theory of computation. The 
field of computer science can also be studied from an electrical 
engineering point of view. The design of chips and computer cir- 
cuitry and the interfacing of computers with other equipment are of 
major concern to electrical engineers. 

As you think about taking a forma) course in computer science 
you may wonder if you have enough mathematics background. The 
typtca) college level introductory computer science course makes 
use of some materials from second year high school algebra. If your 
mathematics background does not include this level you may need to 
GO some extra work in math to complete the course. However, com- 
puter science and mathematics are two distinct disciplines. You do 
not need to be a mathematics wizard to team about computers. 
Every teacher is capable of acquiring a ^vorking knowledge of com- 
puters in education. 
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- COMPUTBR*RELATED 
ACTIVITIES FOR THE 
ELSMI5NTARY SCHOOL 

latrodiictum 



Ttiit section contains a variety of amipiiter*fetated acti* 
vities tNat can be used in an dementary school or in a teacher 
training setting* Some of the activHies are <Mgifed spedficalty 
for teacher tratntng, while others ate des^tncd to help children 
team about calculators and computers. Some of the calculator 
and computer activities can be done without access to equip* 
ment and require very little teacher IcnowNge* Stilt others in- 
quire some access to calculator or computer equipment and a 
Gorrespondii^ increase in knowledge on your pari. The first 
two teferenc s on page 45 are encellent sources of infor* 
mation. Reference (3| contains about 75 additional classroom 
activities. 



Thinking Activities: The Pitycbologiad Barrier 

Every teacher has some knowledge about computers and is cap^ 
able of increasing that knowledge. The fad t hat you are reading this 
material is a sign that you have an above average interest in learning 
more about computers. 

If you are like most elementary school teachers^ then so far com* 
puters have had little or no impact upon your classroom. Why is this? 
While it is easy to compile a long list of excuses^ this is not particularly 
useful You coukJ decide right now, todays that computers will affect 
youf class the next time it meets. 

Such a decision i^ay be frightening to you. The Thinking ALcivities 
(TA*s) given in this section are designed to help you become aware of 
yoaf apprehensions and fears. These activities can be role played in a 
teacher training setting. ARernattvely, you can work wj:h them by 
yourself, as is su^^^ested tn the next paragraph. 

Make yourself comfortable in an easy chair, on a couch, or on 
some cushions. Select one of the TA's and read it. Then close your 
eyes and think about the activity. Cet in touch with your body's reac' 
tions and your feelings* Spend a couple of minutes mentally ex* 
ploring these feelings. Then open your eyes, relax, take a few deep 
breaths and think over the experience. What did you learn about 
yourself? 
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TA1. ImagJhe yourself at a meeting of parents and faculty, A parent 
of one of your students asks the orincipal the following question: *'\ 
work wtth computers all the time, and I want my children to leam 
about computers. What are you doing to help students in this school 
to team about computers?" 

You are relieved that the question has not been directed at you, 
but at that moment your principal turns to you and says, "Can you 
help us on thrs question?'' Now you are on the spoti How do you 
reply? 

TA2. Imagirte yourself at a professional education meeting during a 
teacher inservice day. A person is demonstrating a microcomputer to 
a group of teachers, S/he is showing how easy it is to interact with a 
program that is in the machine's memory. 

You happen to be near the front of the group when the demon- 
stration leader asks for a volunteer to try out the program that has just 
been demonstrated. You think about volunteering, , . , 

TA3. Imagine yourself in front of your class tomorrow. One of your 
students asks, "My mother says that they just got a new computer 
where she works. She says it is a pretty smart machine. Are com- 
puters smarf^r than people?" How do you handle this question? 

TA4. Imagine yourself at a staff meeting next week, A visitor from a 
university discusses calculators, and how students who are allowed 
to use calculators make significant gains on the problem-solving sec- 
tions of nationally standardized tests. Your principal indicates that 
each teacher who wants to can have a classroom set of calculators for 
use during the remainder of the year. The principal turns to you and 
asks, "Would you like to have a classroom set?" How do you re- 
spond? 

TA5- You are relaxing at home one evening when the phone rings. 
It is a parent of one df your students. The parent uffers to bring a 
computer to your classroom, teach you how to use it. and leave it in 
your classroom for two weeks. How do you respond? 



CkHuputerRelated Activities 

Your mind is made up, you are ready to go. Tomorrow you will do 
something related to computers in your classroom but , , , what can 
you do? 

It is not necessary to be a computer expert in order to help your 
students learn about computers. Indeed, it is not even necessary that 
you know more than your students, although it is highly likely that 
you do. What is necessary is a willingness to try and a willingness to 
learn> 
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TheComputerR^tated Activities (CRA) given in this section are de* 
signed to increase student awareness and knowledge about com- 
puters. Some of them are computer readiness activities, analogous to 
reading readiness. Others are designed to impart specific knowledge 
about the capabilities and limitations of computers, 

CRA1* What do your students know about computers? Ask them! 
Have each student write a few sentences or paragraphs telling some* 
thin^ they know about computers. Have several students read their 
reports to the class. Young children may dictate their sentences to 
you instead. You may be surprised and amused at the results, Stu* 
dents know about computers from their parents and siblings, from 
television and movies, from comic books and from playing arcade 
games. Thus, some of what they know as fact may indeed be fiction. 
Discuss the results with the class. 

CRA2. How do machines help people, and what problems do they 
create? Build a unit irourid this question. Students can collect or 
draw pictures of vai.ous types of machines. For each machine, stu- 
dents should indicate the problem it is designed to help solve. For 
each machine jisted; students should think of problems that have 
been created c, contributed to by xho machine, 

CRA3. Who Nses computers^ Have ed student talk to their parents 
about this. More than half of all people now have jobs which directly 
relate to computer usage or work in places where computers are an 
everyday tool. Have each student write a brief report on their fin* 
dings. Students might also make a list of occupations, and then inves* 
tigate how computers are affecting these occupations, 

CRA4. One standard measure of a computer's capability is how 
many millions of instructions per second (MIPS) it can perform. A 
medium scale computer, currently costing about a quarter of a mil* 
lion dollars; may be rated at two MIPS. The fastest computers cur> 
rently available, costing more than $10 million each, are rated at 
more than 100 MIPS, An instruction may involve adding or multiply* 
ingtwo decimal numbers, or comparing two words to ^e if they are 
in alphabetical order. There are many things you can do to help your 
students understand MIPS. A few are listed below: 

a. Select an arithmetic facts drill sheet appropriate to the students 
you teach, Time your students as they do these drill questions. 
Help each student to determine the number of qLestrons s/he 
can answer per minute. Based on this data, help each student 
determine how long it would take to answer a million of these 
questions. Explain that a computer could do this amount of 
calculation in less than a second. 

b. A computer rated at one MIPS can examine and do some pro* 
cessing on one mrllton characters (letters, digits, punctuation 
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marks) in a second. How long does it take a student to read a 
million characters? How many books is that? This question in- 
volves'timing students as they read a few pages^ counting the 
number of characters on these pages, and then estimating the 
number of characters in the book. For very young students, the 
teacher will need to give very detailed directions and carry out 
most of the computations. Note that a calculator is a useful aid 
in solving such a problem, A very thick aduft novel perhaps 500 
pages long, is apt to contain about a million characters. Find 
such a book and show it to your class, 

c. How long does it take to count to a million by Vs? A computer 
rated at one.MIPS can do it in a second. As your students strug- 
gle with this question, you can p>oint out things like, "Try saying 
the words one, two, three. Then try saying one hundred sixty- 
five thousand eight hundred thirty-four. Which takes longer?" 

CIIA5. Computer scientists define the word procedure as follows; A 
procedure is a step-by-step set of instructions which can be mechan- 
ically interpreted and carried out by some agent. Computer ^cientiMs 
are particularly Interested in procedures where the agent is a com- 
puter or a perr>on working with a computer. 

Many of the things we teach students are merely procedures 
where the agent is a student, perhaps assisted by pencil and paper or 
a book. Algorithms from arithmetic, and how to find a word in a dic- 
tionary, are examples. The activities given below are designed to ac- 
quaint students with the concept of a procedure and procedural 
thinking, 

a. Have each student draw a map showing how to get fforti the 
classroom to the lunchroom (or some other place you desig- 
nate). The map is to give explicit directions which can be easily 
followed by other students, 

b. Divide the class into teams of two and provide each team with a 
dictionary. Give each team a word to took up. One member of 
the team holds and uses the dictionary. The *ieccnd member of 
the team gives directions to the dictionary holder, but is not 
allowed to see the pages of the dictionary. The dictionary 
holder is only allowed to follow the directions being given, and 
to answer questions upon requests After a word has been found, 
switch roles and try a different word. The same acrivity can be 
used to look up a name and phone number in a telephone 
directory, 

c. Select some pencil and paper arithmetic exerciSt^s appropriate 
to the skill level of your students. Divide students into pairs. Fol- 
low the same ideas as in (b) above. One student is to carry out 
an algorithm that is being specified by a second student. The 




student with paper and penot'ts to mechan really, in a non- 
thinking fashion^ precisely follow the instructions being given, 

d. Prepare a set of 25-50 cards, each containing a different number 
one one side and a different word (or person's name) on the 
other. If resources permit, it is desirable to have a set of cards for 
each student. 

First, have pach student arrange his/her cards in numerical 
order, with the lowest number first. Then, have students write 
down (or explain to a partner) how to numerically order a set of 
cards. Then repeat for^alphabetically ordering the cards. 

This activity is particularly interesting because it illustraies 
that people can carry out a task such as numerically ordering a 
set of cardsi though they may not be able to verbalize or express 
in writing the details of what they are doing. If a computer is to 
accomplish such a task, the details of every step of the pro- 
cedure must be explicitly given, 

e. Divide students into pairs. Designate one student in each pair to 
be the robot. The other student commands the robot with in- 
structions such as TURN RIGHT, TURN LEFT, STOP, GO FOR- 
WARD 6 STEPS, and so on. Initrallyi students can practice mov- 
ing their robots to different places in the room. 

After each student has developed skill in directing and being 
a robot, you can increase the difficulty of the task. Oneway is to 
require that the instructions be written out in advance. Another 
way is to give the robot more capabili ies; for example, EXTEND 
RIGHT ARM FORWARD* IF YOU TOUCH THE WALL, THEN 

STOP, OTHERWISE Here the robot is gjven the ability to 

test whether a certain condition is satisfied and make a decision 
based upon the results, A robot with decision-making capability 
can, following an appropriate program, accomplish very com- 
plex tasks* 

t Students already Mnow many procedures such as how to check 
out a book from a library, how to look up a number in a tele- 
phone directory, how to use a telepho^ne, how to get from one 
place lo another via bus or subway, how to tie a shoe, how to 
turn on a light, e;c. Have each student make a list of procedures 
s/he knows, in each case telling what problem is solved, 

g. What are different ways to represent procedures? A musical 
score represents a procedure to produce music, A carpenter's 
plans can be a procedure to build a house, A flowchart can be 
used to represent a mathematical procedure, A recipe is a 
cook's procedure. Have students suggest as many ways as 
possible for representing procedures. 
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Calculator^Based Activities 

A hand-held calculator has a central pr<x:es5ing unit, memory and 
circuitry much like a full scale computer. There is no abrupt dividing 
^ine betVireen calculators and computers, and one can learn much 
about computers by studying calculators. 

Almost every elementary school has a few calculators, and many 
have a classroom set. If none are available in your school, have your 
students bring them from home. Most homes in the United States 
now have a calculator. You should be abfe to accumulate enough 
machines to try some of the following Calculator-Based Activities 
(CBA): 

CBA1. Students need to learn to turn on a calculator, key in a 
calculation, clear an entry or the whole machine and turn off the 
calculator. With most students, a minute or two of instaiction will 
suffice. If you have a classroom set of similar calculators, you can give 
this instruction to the whole class. If you have a modest number and/or 
a variety of machines, use peer instruction. Train one or two students 
and let them work one-on-one with other students. It is desirable for 
students to gain experience with a variety of machines. 

CBA2. There are many modes of calculation such as mental arith- 
metic, using pencil and paper, using math tables and using a calcu- 
lator. Which is best? It depends upon the situation and what task is to 
be accomplished. 

a. Select a drill sheet of simple number facts that students in your 
class have mastered. Give half the class cakrulators and run a 
speed and accuracy contest between the cal'^ulator group and 
the non-calculator group. The calculator group is required to do 
each cakrulation on a calculator. You want students to learn 
that mental arithmetic is quicker and at least as accurate as a 
calculator on these types of calculations. After completing the 
experiment, switch the cakrulators between groups and repeat 
the experiment. 

b. Select a sheet of hard calculations that are near the limits of 
your students' pencil and paper skills. Repeat (a) above using 
these problems. You want students to learn rhat on certain 
types of calculations a machine is both faster and more ac- 
curate. 

c. Allow students to become familiar with other modes of cal- 
culation such as use of a table or use of an abacus. Then repeat 
experiments like (a) and (b) above. 

CBA3. (f your students are at the upper elementary level, they can 
learn to usea cakrulator with memory. Typically, such a machine has 
M + , RM and CM keys in addition to those on a simple four- 




function calculator* The extra calculator memory useful when per- 
forming calculations such as: 

(a.) 7/12 - 3/17 

(b.)(89.4 X 62.8) - (16.7 x 39.5) 

It is recommended that you study a book such as [1] listed in the 
Reference Section on page 45 before starting your students on such 
exercises. That book contains considerable information about the 
use of calculators in problem solving and the relationship behveen 
calculators and computers. 

CBA4. Most calculators use decimal fractions rn their calculations* 
Thus, 1 -t^ 3'- 0.3333333. Students can be given a decimal fraction and 
asked to find two integers whose quotient is equal to, or as close as 
possible to, the decimal fraction. Answers for 0.3333333 include 
1+3; 2+6; 3+9; and -1 +-3. 

You can make up problems for your students by working from an 
answer back to a problem. Thus, you note 3-t^ 7-' 0.4285714, and you 
ask the students to find a fraction whose cakxitator decimal equiva- 
lent is 0.4285714. 



Computer Activities 

With a computer available, you can teach using a computer or you 
can teach aboux the computer. The former is often known as com- 
puter assisted learning. The major emphasis In the latter may be to 
teach computer programming or computer science. 

Students at almost every grade level can learn to program a com* 
puter, provided that the instructor is suffiCL-ntly knowledgeable and 
that appropriate hardware and software are available* Currently, this 
is a very rare situation. The Computer Activities (CA) presented In this 
section are much more elementary. They are designed for teachers 
who have had a very modest amount of computer experience, A 
short workshop with an hour of hands-on experience is adequate. It 
is assumed that you have a microcomputer or a timeshared terminal 
tor students to use. 

CA1. Once a program has been loaded into a computer's primary 
storage, the actual use of it is simple. For example, if the program is 
written in BASIC, which is the most widely used larrguage on mi- 
crocomputers, you need only type the word RUN. and then push the 
RETURN or ENTER key. After that, you interact with the computer 
following the directions it provides. If the program has been ap- 
propriately designed, even a preschool child can experience con- 
siderable success in this endeavor. 

Select a game or other "fun" activity from a program library and 



43 

46 



load into your computer's primary storage. Select a Mudent and 
show him/her how to run the program. Watch what the student does 
and answer questions as necessary. 

When the program finishes, have the student select another stu- 
dent. The student who has just run the program plays the role of 
teacher. You are available as an emergency backup, but you pro- 
bably won't be needed. Each student in turn selects another student 
until everyone has used the machine. This type of peer instruction is 
an excellent aid to learning and to confidence building. 

CA2* The difficulty of fetching a program from secondary storage 
(tape or disk) into primary storage is roughly comparable to learning 
to use a TV set or stereo. Thus, with appropriate instruction and ex- 
perience, even quite young students can master the process. Use the 
same aproach as m CA1 . Select a student and teach this student how 
to fetch a program from the computer library. Let this student teach 
the next student, and so on. You will want to monitor the whole pro- 
cess somewhat more carefully than CA1. since it is a more complex 
procedure. 

CA3, After students have completed CA2, have each student load 
and run two orJhree different programs. Each student is to write a 
brief report on what each program does. The report should include a 
discussion of which program they liked best and why. 

CA4, Let each student use a drill and practice program or a more so- 
phisticated computer assisted learning program. Then have each stu< 
dent write a short report on when they would prefer to be taught by a 
teacher and when they would prefer a computer and why. 
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Gloesaiy 

A $iep^bv<ftep **t of diredion* guAr«nte«d to «))ve « pafticular »vpe of problem m a finite 
number of opfraiion* 

The btfjnch of computer $cience that deak vvilh questior* such a» ''Mow ^mart i« « computerr' 
and "Mo^v can one pfOgfam a computer \o do intelligent Ihingtr Computer can now do many 
things that huiTiant believ« t«qutre substantial intelligence such as playmg a good game o( chess or 
doing a medtcal diagno&i». 

MSIC (t«fhir*en AU-pwpMt Symbol imtnicftoD CodcJ 

The mo$t wtdely uted computer programming language, originally designed for use by college 
students. BASIC *i available on most ineKpervstve computers and is widely taught and uted m sec* 
ondary schoofs. Although BASiC is sometmies taught to elementary school students there are other 
languages thai are more suitabte (or use by children of this age level. 

One of Ihe symbols 0 or 1. The b«tary number system uses lust these two cAgits to represent 
numbers. &nce numbers and other quantities mside a computer are coded using a btnary code, rt is 
often fell that It IS necessary to understand btnary arrthmetic m o« Icrtounderstand computers. This 
IS rjt correct, and Ihe eKisterKe of computers is not a good fustification tor trying to teach binary 
arithmetic to elementary school students. 

fvf 

An error, especially an error m a computer program Detecting and correcting such errors is one 
of the aspects of computer programing. Etemeritary school students can learrt to devetop 
detailed step by step sets of directions designed to accomplish specified tasks. They can learn to 
det^ And correct bugs m their sets of directions. 

The picture tube of a television set. ^nd the display screen of many microcomputers. A widely 
uted type of computer terminal consists of a CRT with a typewnter'Styte keyboard. 

Cenfr^r tnctsihg VitH iCFU> 

This IS the part of the computer hardware that takes instructions from computer ntemttry, figures 
out what operations the ms'^^.^ctions specify, and then carries out the instructions. The CPU of a 
middle.pnced modem computer system is able to process several million instructions per spcorxi 

The transistor was invent ed m I947and proved to beane^ccellent replacement for vacuum tiibes 
in many applications. During the t9G0>s people learned to manufacture a circuit contaming a 
number oftransistorsandother electronic comportentsatlinone integrated unit Thisv.-ascaUedan 
integrated Circuit. Since a small "chip" of silicon was used m the process, it was also called a chip. 





Continual r^id P^ogi^i tn developing yn4ll«r »nd imiWet Cirotilry h^i led lo thecurrienl iiluaiion 
whew * tuiglechip mnycorvum the equwjf^nl of tem of thousandi tr jnft^ton ind othef efec* 
Ifonk contpoiKfiti S<Kh diip«cjn be m»i produced, often ^ J poceof weU under $10 A 
siffglechip fujy fonn the he^rl of i cjkuUtCH'or be the central processing unit of J microcompoier 

Jht ose of J computer lo he^ present tn^ruaion. iq help teach itudent«. Thi* includes routine 
drilt and pfaci(C«. use of pfOgrammed instruction with muhtpte branchings depending on ^udent 
answers, and sophisticated mter^ive systems designed to teach high levet skilK m probl^ soKmg. 
In all cases good qutlity educational software is necessary if the system is to be an Adequate aid to 
instruction, Sjch »<twa/^ is very ejtpensive and time consuming to develop, 

O mpu t tf jnitfMf k4tnSn$ 

The u'^ of a computer in any aspect of iKe teaching/learnmg process. 

Compattr Au$mttittd iMmJng iCAO 

The useof probtem-sotving programs Irom a soAwar« library ;ks an aid to student learning. Often 
the programs bemg used ar« similar or idfenticaf to those used to solve real world Problems from 
business, science and industry. Students are dble to tackle more realistic problems aitd also team ef- 
fective uses of computers as an aid to problem solving through CAL 

A knowledge of the capabilities. limitationsH applications and possible effects of computers. Two 
levels of computer literacy are oAen discussed. The lower level is an awareriess knowledlge. The 
tiigher level is a functional or working knowledge, 

Cwnputtr M«Mff^ ItninKihtt (CMIJ 

The use ofcomPuters as a record keeper, diagnostic tester, presc.iber of what tostudy next, and 
so on. The mam goal i» to help autonute some of the management aspects of instruction 

To remove the bugs (errors) Irom a computer program or other set of direction's. 
Disk 

A form of secortdary s*')rage designed to stor« large quantities of data A disk is a flat* rotating 
ptate coated with magnetic oxide. If the plate is made of Plastic and is flejtibren the disk is called a 
floppydisk llitismadeoTmetaliMscalledaharddisk Floppy disks cost about $3 to S6 apiece, wtth 
the disk dnve costing about 5400 to If .000 Hard disks have considerably larger storage capacity 
but are correspondingly more e?(pensive. as are their disk doves, 

fl«rdW«re 

A computer system consists of both ohyvcal nuchinery. called hardware, and computer pio> 
grams, called software. The five mam hardware components of a computer are input unitSn primary 
storage, central processing unit, secondary storage and output units For an inejtpensive m*crocom, 
puter system' the input and outpot units are combined in a typewnter style keyboard terminal, and 
secondary storage may be via an inenperwtve cassette tape recorder 

tnfofnulkit MtkttX f f t> 

The branch of computer science that deals with 1^ storage and retrieval of large amounts of m, 
formation. The collection of information that can be accessed is often called a data bank A large 
data bank may contain as much information as a large library of books 

K 

A measure of storage capacity. t0i24. The piinury storage of acomputerisoften stated as 

a number of K bytes of storage such as 46K bytes 

A computer programming language developed by Seymour Paper* specifically for children It is 
an exceltenrJanguage to use for mffoducrng computers trto 1 1^ elementary and ^ortdary school 
classroom H 

All calculators and competes have storage space, where data being operated upon, operations 
to be performed and rntermediate answers can be stored This storage space is called memory In 
no sense i* it Jtite a numan mind A good anabgy i* with magnottc tape, which can be recorded on. 
Played as often as desired and then erased. 
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A computer whote cvntnl pnx^nn^ umt comiOi of one or j few farge m: jle mtegfated <:frcuit« 
Chtph MfCKKOmputef tyitetnt rin^ m prKe trom jboul S200 lo $8,000 or more* tnd hun« 
df^t <rf IhouwfKit <>* th«e m^chmct hive been »ofd m the past few yi^n. Tbey are bMOm»r»gj 
common item m both hofti«» and uihoolt. 

MfcfMecotW 

A mi Uionth of a f^cond* A moderr . medium^pnced computer can car^y out an operation Mch at 
muttiplying two nun4>er^ m lett ttian a microtewd 



A pfOSfamminglangMase especially designed for u$e by peoptewantmgiownteCAl matenaK It 
t> sometimes used as a programming language to be taught tn elementary school students. 



A computer syUem consists of both physical .nachinety* called hardxvare. and compuler pro^ 
gramv called so^are Both are necessary if the system is to perform a u^l function, language 
translators are one type of loftware tbat allow programn>efS to use languages such as OASIC* 
COBOL. Logo and Pascal. These Programs translate from the aforenamed languages into the 
machine languages of specif^ machines. A computing center often mamtaim a large library of pro- 
grams designed to solve a wide variety of problems. Stich a software library *s an essential tool to 
most people who use computers on their |Obs. 



A flat Circular plate that can store televiston programs. Certain types of vttfeodisc Systems can be 
hooked 10 a mtcrocomputer and allow access to Single frames, slow motion forward or backwards, 
regular speed forward and backwards, etc. This is an e)cCrt*ng and encellent type of computer- 
assisted Jeammg hardware. 

Wor4 pt9€*s$ti>B 

Use of a computer as an automated lypewnter Paragraphs of standard niaterrals, as w^lf as fough 
drafH ^nd complete documents, are stored m a tiootputer memory. Th<:se may be edited or 
modify usirq a typewriter like keyboard terminal Error-free final copy can be rapidlv pnnted out 
by I he computer on a terminal. 



The pub^.vattons Jtsted below are a representative cross section of what is availabfe. There 
several hundred other periodicals that contain a substantial amount of material or an occasional arti- 
cle t'n mstructional use of computers at the pre<ollege level The disciplme-orierited professtonal 
educatioftal journals ^ch as those published for math or for scier>ce teachers are a good evample, 
prices are effective -s orf lune 19S2, 

K Assocrat*onf6rComputingMachjrhery, 11 W 42nd St.. PO. B^]i 1210S, Church Street btaiion. 
*^ewYork. N.Y 10249 <Membership IS S4C/yr.. members receive ih CommuntcatfOnsof tfte 
A published 12 times/year: a large number of other pubficaiions^ re available at additional 
cost.) 

Beskfes pubftshmg many research papers and the Comptjimg Revtewi. the ACM sponsors 
nearly three dotcn Special Interest Croups, each wilh its own publtcatton, aCm also has an 
Elementary and Secondary Sctiools ^bcommmee that ii engaged m workirq on the 

problems of mstru^cttonal use of computers at the pfe<ollege 1^1. 

2 Assocf^t^on for the Oevelopmen! of ComPuier^Based Instructional Systems. 409 MiOer Hall 
W^ern Washmgton University. Bellingham. WA 9822S. {Membership is $40/yr : members 
receive the /ourruf of Computer^Aa^c^ Insiruiion pubf*shed 4 times/yr. and AOCiS Newt 
putilished 6 iimes/yr J 

^^e aDCIS Dublicattons emphasize teaching using computers. The organization has a 
nun'ber of special fnterest groups, mcludir^ one .»imed at the prv'<ollege and punior cotlege 
levels 

3. Association for Eddc^wnal Data Systems. 1201 16th St. NW* Washmgton. D.C. 20036. 
(Membership is S3S/yr.. members receive the AtOS /oumaf 4 times/yr.. Ihe A^DS Momfor 6 
iinnes/yr. and the A£DS NewteU<^ 10 times/yr. 
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The AIDS ptibtiC^tior» Are dengned (or bokh school admintvtr^tOff Jndieacher^ M all tevelt 
who Ate inief«^ed m ttii* inttrocttonAt and ^dminittr^l^ve yte of computers. aEOS h a rutiorul 
pfofe^rul ofganii^ioo wilh J number oi iCwe U4t«wide jffihate^. 

4Xhwoom ContpuW t4cwi. 341 Mt. Auburn St., Wwtown- MA 02172 {(16 (or 6 t^'^^yf ) 
Thn m^B^ine^jttirei ihoft jiniclet plut j dtr«<tcMv jimed at i.U$iroo«n leacheis and sctiool 
administrator} it the pte<ollege level. 

Crvjljvie Convnrrmit r.O Box 760-M. MoifitlOwn. N| 07960 {$24 97 l2 H$ues/yrJ 

Wntien f<w owners and tisois of computers. eH>eoally mi(.rocontpiii«fs. Conlamt a lat^ 
amount of matenal oi inleresi lo students and edticaiors. and conMderabte iohwite Crfahtc* 
Cotnpttttfyg jIso produce* and ^Itt ^ware. 

6. fdticaitonaJ Computet. T.O. Box Oipenino. CA 9501 S. ill S for 6 if$ues/yr.l 

ftesKlei an*cle$ on compul^rt m education, f Joraiwrval Compviw carnH news on coA' 
ferenCH. 

7. fJ^rf>ii^ tearnjnj^ 902 Sykan Av^w EnRWood Chfh, N| 07632 1S19 iot 6 itsue»/yrJ 

Published by Sdiolauic. Inc., EkKtumtc It^ammK i^atnted al beginning tiWt of calculators, 
comp(jl«r4 and other dectronic atdt to learnirtg. 

6 ififovmfd. 37SCochttuateRoad, Frammgham, MAOtTOl (t2SfotSl i«ues/yr> 

This newspaper'forritjt publication contains detailed up.to date information ibout ntajor 
happenings m tfie co^nputer fietd. Ttin *^ a good source of infotntation iboux new hardware, 
software and Mji^p^mfi rrtat^riaH. 

9. Minnesota £ducational Conif>utir%ConMnfunt, 2S20 Broadway Or , St TauU MN SS1 13 (Free 
newsletter— MfCC Oaiahnf J 

MECC develof}& i^ucatiorul software for Appro and Atart as well as support booldels. fVice 
list sent ut>on reque^ 

10 rec*irM)Joj;(caMAj/jJortS r/i fdu(j(w> /ournaH r*0 Box 992, ActOn. MA01720 (*9.S0 *W 6 
issues/yr as of }/62.] 

7 fi.£ tourmi contains an irles on educational tisesof compute as well as articles on other 
technological a»ds to education. Atrited at both teadier^ and admmistratofs 

11. rill' Cnmputtt^g Teacfief, Univerfity of OregPn, EuS^ne. OR 97403. (Sl6 SO for 9 issues/yr ) 

Jh^ComptiUng feac fief IS a journal forolententary jnd secondary school educators as wdl as 
re^hersoiieacher» whoaremahmginsirucnoAaJ use of computers or who jre concerrted with 
howcontputersareajfeciingthecontent and process of education Each issue contains mforma^ 
tion oJ use to the beginner jnd to the experienced computer wser TCT is published by the 
International Council for Gimputers in Educat on, a non-profit prolesstorul organization whose 
godi IS to further the field of instructional u^ of computers 
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INTRODUCTION TO 
COMPUTERS IN EDUCATION 

FOR ELEMENTARY AND 
MIDDLE SCHOOL TEACHERS 

Oa\id Moursurtd 

Ocfvt. of Computer & Information ScieiKe 
UnivcfSity of Ofeson 
Sugffie, Oregon 97403 




ImematHHt^ Cbundl for Coffiptiters in Education 
Univ-ersHy of Ofegon 
Eugene, Oregon 97403 



Price $7.00 

INTROOUCTION TO COMPUTERS IN EOUCA* 
TION FOR ELEMENTARY ANO MIOOLE SCHOOL 
TEACHERS by OavicJ Moursurxl, $7 on prepaid orders 
to ICCE. This m X 11, 96-pdge book, published Fall 
1981> IS an easy to-read introduction to computers m 
f;duc*^tton. It i^ designed for ^If-instructio:) or for a for 
m*il mw?rvite or preservicc course for teL^chers. It con- 
tains an in-depth treatment of teachir>g about and teach- 
ing usin^ comi)uters at the efemerilary and middle 
school tevels. The book includes over 75 activities that 
cMn be used at this educational level. 



TOTAL QUANTITY 


PRICE (U.S. FUNDS) 


MO copies 


$7.00 each 


11-25 copies 


$6.30 each 


26-80 copies 


S5.60 each 


81-200 copies 


$4.90 each 


20t + copies 


$4.20 each 



(Save $2.50 handling char^je by enclosing payment w'/(h your order!) 



To orderi write: 

Imernational Council for 
Computers in Education 
University ofOre^n 
Eugene. Of egon 57403 



ICCE 
INSTRUCTIONAL 
BOOKLETS 



SCHOOL ADMINISTRATOR'S 
INTRODUCnON 
TO INSTRUCnONAL USE 
OF OOMPUIERS 



l>4ROOOCnON TO INSIlUaiONAi 
USCOFOOMPUTCItS 



rurAcc 

r A«t t - tsnioiwCTKM , 




nvnocnoMAtvscorcoiimiM . 



f AWT t¥^ ^ffCNDmS ' 



SCHOOL ADMINISTRATOR'S INTRODUCTlbN TO 
INSTRUCTIONAL USE OF COMPUTEItS provide^: lhf^ 
school administraior or school board membeir an easy^to 
understand overview of how computers are being used 
and how ihey affect the curriculum. 



TOTAi QUANTITY 
1- fO copies 
If- 25 copies 
26* 30 copies 
5M00 copies 
10t+ copies 



$2.50 each 
$2.25 each 
$2jOO each 
$175 each 
$t .50 each 



(Save handhng 4i\d btUtng charge by endoung ffaymeni wtth yoot bffieffi 



